Summary. Oestrogenic activity in urine from males was detected as early as 1927. A few years later mass excretion of oestrogens was detected in the stallion and other equines, and in the boar.
the values recorded are in the mg range.
The testicular origin of the major part of urinary oestrogens was early anticipated and has been confirmed by recent biochemical investigations. A minor part is probably of adrenal origin.
The biological significance of oestrogenic hormones in the male is obscure. Mass secretion of the hormones in males of some species still represents an enigma.
The first unequivocal demonstration of the presence of a specific oestrogenic hormone in the mammalian ovary was made about 40 years ago (Allen & Doisy, 1923 , 1924 . The designation of the substance as the female sex hormone (Frank, 1929) seemed at first to be appropriate, especially since its presence had by then been demonstrated in female blood (Loewe, 1925) and in human pregnancy urine (Aschheim & Zondek, 1927) .
These original observations pertaining to the female were, however, soon followed by reports of some oestrogen activity also in testes, and in urine from men, indicating that oestrogenic hormones were not entirely sex specific. Then followed the first reports on very high levels of oestrogenic activity in stallion's urine which paradoxically appeared to be one of the richest sources ever found for 'female sex hormones'.
Those who have seen a fiery stallion will hardly refute its masculinity. Nevertheless, its daily oestrogen output exceeds that of the non-pregnant female animal by a factor of 100 to 200. Ever since this discovery, the question of how a male may retain its mascu¬ linity in spite of such an enormous oestrogen secretion has remained one of the enigmas of biology. Recent research has added little or nothing to our under¬ standing of the problem.
The earliest qualitative and quantitative measurements of oestrogens were done by the biological method developed by Allen & Doisy. The present paper is an attempt to review the work done so far in this field.
Early observations on oestrogenic activity in the urine of males
The first reports on oestrogenic activity in urine from males appeared in the late 1920s (Laqueur, Dingemanse, Hart & de Jongh, 1927; Loewe, Voss, Lunge & Wöhner, 1928; Fee, Marrian & Parkes, 1929; Glimm & Wadehn, 1930 Diczfalusy & Lauritzen, 1961) .
The presence of high levels of oestrogenic activity in stallion's urine seems to have been reported first by Kiist (1932) (Zondek, 1934a) he states that Haussier made the discovery of the high oestrogen content of stallion's urine. Zondek (1934a) found mass excretion of oestrogens in male animals to be a peculiarity of the equines. Thus he reported high values also for the male zebra, the Grevy-zebra, the ass and the Kiang, but low values for the bull and the male dromedary.
In the meantime high levels of oestrogenic activity had, however, also been observed in the urine of the domestic boar (Hauer, 1933; Kiist, 1934) .
Few other species seem to have been investigated until quite recently.
Chemical identification ofoestrogens in urine from males
The first steroid hormone ever isolated was oestrone which was obtained in crystalline form from human pregnancy urine (Butenandt, 1929; Doisy, Veler &Thayer, 1929) . Six years later oestrone was crystallized from stallion's urine by Haussier (1934) and by Deulofeu & Ferrari (1934) . A decade later Levin (1945) observed that a major proportion of the oestrogenic activity of stallion's urine was present in the weakly phenolic, non-ketonic fraction of the extract. From this fraction he isolated oestradiol-17/? (at that time designated -oestradiol) in good yield (Levin, 1945 (Levin, , 1949 (Savard, personal communication, 1962) .
From the urine of the human male Dingemanse, Laqueur & Mühlbock (1938) isolated oestrone in crystalline form. To obtain 6 mg of the pure sub¬ stance, 16,000 1 of urine was extracted. More recently the presence of oestrone as well as oestradiol-ß and oestriol has been repeatedly demonstrated in the urine of men by highly specific chemical methods (see Diczfalusy & Lauritzen, 1961) .
From bulls' and steers' urine Marker (1939a, b) isolated oestrone in low yield.
Oestrone and oestradiol-17a were identified in urine from newborn calves of both sexes by Velie (1958d) .
The identity of the oestrogens present in the urine of the domestic boar was not established until 1958 when oestrone and oestradiol-17/? were identified by various criteria, including infrared spectro-photometry (Velie, 1958a, c) .
Naturally occurring oestrogens of male dog's urine have not been identified, but recent studies show that oestrone as well as oestradiol-17a are urinary metabolites after injected oestradiol-ß (Siegel, Dorfmann, Brodey & Friedman, 1962) .
In urine from male rats oestrone, as well as oestradiol-17ß and oestradiol-17a, were identified by paper Chromatographie methods by Ketz (1961 (Velie, 1958b) , and of newborn male calves (Velie, 1958d) .
The only conjugate so far isolated from male urine is oestrone sulphate which was crystallized from stallion's urine by Jensen, Larivière & Elie (1945 (Velie, 1958d) .
Origin of the urinary oestrogens in the male
The question of the origin of the urinary oestrogens of the male was raised soon after its original discovery. Laqueur (1926) and Dohrn (1927) had detected oestrogen activity in the testes. Fee, Marrian & Parkes (1929) as well as Glimm & Wadehn (1930) discussed the possibility of its origin being ingested food, but no conclusion was reached. Fee et al. (1929) attempted to measure oestrogens in the urine of rabbits before and after castration, in order to find evidence for testicular origin of the hormone, but the attempts had to be abandoned since the extracts were found to be highly toxic. Zondek (1934a) found, however, that the urine of geldings contained only about 0-3% of the amount present in intact stallions. He also found that the testes ofstallions showed extremely high levels of oestrogenic activity (66,000 m.u./kg) as opposed to the testes ofthe bull (less than 50 m.u./kg). These observations seemed to establish the testes as at least a major source of urinary oestrogens.
As regards the biosynthesis of the oestrogens in the male, it is remarkable that Zondek already in 1934, before anything was known about the biochemical reactions involved, stated that the female hormone present in the male organism quite possibly is a conversion product of the male hormone (Zondek, 1934b ).
This has indeed turned out to be the case.
Oestrone and oestradiol-17/? were isolated in crystalline form from horse testes by Beali (1940) . The same two hormones were identified in the testes (Velie, 1958c) . has been identified in the human testes (Goldzieher & Roberts, 1952) . Isolation of a substance from an organ is no proof of its origin in that organ. However, Paschkis & Rakoff (1950) (Diczfalusy, 1957; Hammerstein, 1960) and in the boar (Lunaas & Velie, 1965; Raeside, 1965) . Synthetic gestagens, presumably by inhibiting gonado¬ trophin secretion and/or release, are potent inhibitors of oestrogen excretion in the boar (Lunaas & Velie, 1965; Raeside, 1965 (Marker, 1939b) , and the fact that the same hormone has also been isolated from bovine adrenals (Beali, 1939) points to the adrenal as an important source for urinary oestrogens in this species, especially since testis (Zondek, 1934a) and urine (Velie, 1957) (Maddock & Nelson, 1952; Leach, Maddock, Tokuyama, Paulsen & Nelson, 1956; Hammerstein, 1960 (man, dog) , oestrogen treatment will give clear signs of feminization. In this connection it is especially noteworthy also that the castrate boar has been shown to respond to exogenous oestrogens with mammary development, and with regained ability to erection of the penis and arousal of sexual desire (Dinusson, Klosterman & Buchanan, 1951) . In these experiments the substance used was stilboestrol, which was implanted subcutaneously. This compound may, however, behave differently from the naturally occurring oestrogens in the male pig.
The possibility that the effects of oestrogens secreted in the male may be counteracted by the simultaneously produced androgens cannot be dismissed.
The only practicable way of testing the biological significance of oestrogens in the male would seem to be by blocking aromatization without interfering with androgen biosynthesis. Perhaps this possibility is not too remote.
